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(54) Fuel cut control apparatus for internal combustion engine 

(57) Disclosed is a fuel cut control apparatus for an 
internal combustion engine wherein provisions are 
made to avoid the occurrence of misfire due to a drop in 
intake air amount and also prevent impairment of the 
vehicle deceleration feeling when control is performed 
to prohibit fuel cut during deceleration in order to pre- 
vent catalyst deterioration in a high-temperature, lean 
atmosphere. When allowing fuel injection by prohibiting 
deceleration fuel cut in order to prevent catalyst deterio- 
ration, a minimum intake air amount necessary for com- 
bustion is secured by controlling, for example, an idle 
speed control valve (36), to ensure the prevention of the 
occurrence of misfire. Further, in a driving condition that 
tends to impair the deceleration feeling and give the 
driver an unnatural feel, that is, in a driving condition 
under which the decelerating force of the internal com- 
bustion engine (engine braking) makes an appreciable 
contribution to vehicle deceleration, the fuel cut prohibi- 
tion for the prevention of catalyst deterioration is not 
executed. For example, when the vehicle speed is slow, 
aerodynamic drag due to wind is small and the driving 
condition is such that the engine braking makes an 
appreciable contribution to vehicle deceleration; there- 
fore, when the vehicle speed is below a predetermined 
value, the fuel cut prohibition for the prevention of cata- 
lyst deterioration is aborted, and fuel cut is executed 
(303, 304) to prevent the impairment of the deceleration 
feeling. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a fuel cut control 
apparatus, for an internal combustion engine, that con- 
trols fuel cutoff (hereinafter referred to as fuel cut or 
F/C) to the internal combustion engine during decelera- 
tion in order to improve fuel economy, etc. 

2. Description of the Related Art 

Usually, in an electronically controlled fuel injection 
control apparatus for an internal combustion engine, 
when the throttle valve is in its fully closed position, and 
yet the engine rpm is higher than a preset value, it is 
determined that the vehicle is in a decelerating condi- 
tion that does not need fuel delivery, and fuel cut control 
is performed to temporarily stop fuel injection in order to 
improve fuel economy. 

Japanese Unexamined patent Publication No. 8- 
144814, for example, discloses one such fuel cut control 
apparatus. This prior art proposes that, when the tem- 
perature of the catalyst installed in the exhaust system 
of an internal combustion engine is high, fuel cut during 
deceleration be prohibited to prevent the catalyst from 
being exposed to a high-temperature, lean atmosphere 
in order to avoid catalyst deterioration. 

The above prior art, however, does not give any 
regard to the combustion limit for the intake air amount 
when the vehicle is in a driving condition under which 
fuel cut is to be performed. Therefore, when fuel cut is 
prohibited, fuel is injected with the intake air amount per 
stroke dropping below the combustion limit, resulting in 
the problem that misfire occurs and catalyst tempera- 
ture rises excessively. That is, despite the fact that fuel 
cut is prohibited to prevent catalyst deterioration, it ends 
up causing an ill effect on the catalyst. 

Furthermore, in the apparatus of the above prior 
art, under similar driving conditions, there exist cases 
where fuel cut is effected and fuel injection is stopped, 
and cases where fuel cut is prohibited and fuel injection 
is allowed to continue, depending on the temperature of 
the catalyst. This causes a difference in vehicle deceler- 
ation feeling; that is, the deceleration feeling is impaired 
when fuel cut is prohibited. The prior art, therefore, has 
had a problem in that the impairment of the deceleration 
feeling gives the driver an unnatural feeling. 

SUMMARY OF THE INVENTION 

In view of the above situation, it is a first object of 
the present invention to provide a fuel cut control appa- 
ratus, for an internal combustion engine, capable of 
avoiding the occurrence of misfire resulting from a drop 
in intake air amount when a deceleration fuel cut is pro- 



hibited in order to prevent catalyst deterioration in a 
high-temperature, lean atmosphere. 

It is a second object of the present invention to pro- 
vide a fuel cut control apparatus, for an internal combus- 
5 tion engine, capable of preventing the vehicle 
deceleration feeling from being impaired when perform- 
ing control to prohibit a deceleration fuel cut in order to 
prevent catalyst deterioration in a high-temperature, 
lean atmosphere. 
10 To accomplish the first object, according to a first 
aspect of the present invention, there is provided a fuel 
cut control apparatus, for an internal combustion 
engine, comprising fuel cut executing means for execut- 
ing fuel cut during deceleration of the internal combus- 
15 tion engine and fuel cut prohibiting means for prohibiting 
the execution of fuel cut by the fuel cut executing means 
when the temperature of a catalyst installed in an 
exhaust system of the internal combustion engine is 
high, said control apparatus characterized by the provi- 
so sion of intake air amount adjusting means for adjusting, 
when the fuel cut is prohibited by the fuel cut prohibiting 
means, the amount of intake air to the internal combus- 
tion engine in accordance with the rotational speed of 
the internal combustion engine so that the amount of 
25 intake air is brought close to a limit where misfire does 
not occur. 

In the above-constructed fuel cut control apparatus 
for the internal combustion engine according to the first 
aspect of the present invention, when effecting fuel 

30 injection by prohibiting deceleration fuel cut to prevent 
catalyst deterioration, since the minimum intake air 
amount necessary for combustion is secured, the 
occurrence of misfire can be avoided without fail. 

To accomplish the second object, according to a 

35 second aspect of the present invention there is provided 
a fuel cut control apparatus, for an internal combustion 
engine, comprising fuel cut executing means for execut- 
ing fuel cut during deceleration of the internal combus- 
tion engine and fuel cut prohibiting means for prohibiting 

40 the execution of fuel cut by the fuel cut executing means 
when the temperature of a catalyst installed in an 
exhaust system of the internal combustion engine is 
high, said control apparatus characterized by the provi- 
sion of judging means for judging whether or not a vehi- 

45 de is in a driving condition under which the decelerating 
force of the internal combustion engine makes an 
appreciable contribution to vehicle deceleration and 
aborting means for aborting the prohibition of fuel cut by 
the fuel cut prohibiting means when it is judged by the 

so judging means that the vehicle is in said driving condi- 
tion. 

According to a third aspect of the present invention, 
preferably the judging means in the fuel cut control 
apparatus for the internal combustion engine according 
55 to the second aspect of the present invention judges 
that the vehicle is in said driving condition when the 
vehicle speed is below a predetermined value. 

According to a fourth aspect of the present inven- 
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tion, preferably the judging means in the fuel cut control 
apparatus for the internal combustion engine according 
to the second aspect of the present invention judges 
that the vehicle is in said driving condition when a gear 
lower than a prescribed gear is selected in a transmis- 
sion connected to the internal combustion engine. 

Furthermore, to accomplish the second object, 
according to a fifth aspect of the present invention there 
is provided a fuel cut control apparatus for an internal 
combustion engine, comprising fuel cut executing 
means for executing fuel cut during deceleration of the 
internal combustion engine and fuel cut prohibiting 
means for prohibiting the execution of fuel cut by the fuel 
cut executing means when the temperature of a catalyst 
installed in an exhaust system of the internal combus- 
tion engine is high, said control apparatus characterized 
by the provision of judging means for judging whether or 
not a transmission connected to the internal combustion 
engine is in a neutral state and aborting means for 
aborting the prohibition of fuel cut by the fuel cut prohib- 
iting means when it is judged by the judging means that 
the transmission is in the neutral state. 

The driving condition that impairs the deceleration 
feeling and gives the driver an unnatural feeling is the 
driving condition under which the decelerating force of 
the internal combustion engine makes an appreciable 
contribution to vehicle deceleration. In the above-con- 
structed fuel cut control apparatus for the internal com- 
bustion engine according to the second aspect of the 
present invention, under such a driving condition the 
fuel cut prohibition to be effected for the prevention of 
catalyst deterioration is aborted and fuel cut is effected; 
as a result, the decelerating force of the internal com- 
bustion engine increases and the impairment of the 
vehicle deceleration feeling is prevented. 

When the vehicle speed is slow, aerodynamic drag 
due to wind is small, and therefore, it can be said that 
the vehicle is in the driving condition under which the 
decelerating force of the internal combustion engine 
(engine braking) makes an appreciable contribution to 
vehicle deceleration. In the fuel cut control apparatus 
according to the third aspect of the present invention, 
when the vehicle speed is below a predetermined value 
the fuel cut prohibition to be effected for the prevention 
of catalyst deterioration is aborted to prevent the impair- 
ment of the deceleration feeling. 

Furthermore, when a low gear is selected in the 
transmission connected to the internal combustion 
engine, it can also be said that the vehicle is in the driv- 
ing condition under which the decelerating force of the 
internal combustion engine makes an appreciable con- 
tribution to vehicle deceleration. In the fuel cut control 
apparatus according to the fourth aspect of the present 
invention, when a gear lower than a prescribed gear is 
selected in the transmission connected to the internal 
combustion engine the fuel cut prohibition to be effected 
for the prevention of catalyst deterioration is aborted to 
prevent the impairment of the deceleration feeling. 



Moreover, when the transmission connected to the 
internal combustion engine is in the neutral state, it can 
be said that the driving condition is such that the driver 
is expecting the engine speed to drop soon. In the fuel 

5 cut control apparatus according to the fifth aspect of the 
present invention, when the transmission connected to 
the internal combustion engine is in the neutral state the 
fuel cut prohibition to be effected for the prevention of 
catalyst deterioration is aborted to prevent the driver 

to from being subjected to an unnatural feeling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages of the present 
is invention will be apparent from the following description 
with reference to the accompanying drawings, in which: 

Figure 1 is a schematic diagram showing the gen- 
eral construction of an electronically controlled 
20 internal combustion engine equipped with a fuel cut 
control apparatus according to one embodiment of 
the present invention; 

Figure 2 is a block diagram showing the hardware 
configuration of an engine electronic control unit 
25 (engine ECU); 

Figure 3 is a flowchart illustrating a processing 
sequence for a catalyst bed temperature estimation 
routine executed by CPU; 

Figure 4 is a flowchart illustrating a processing 
30 sequence for a deceleration fuel cut execution con- 
trol routine (first embodiment) executed by CPU; 
Figure 5 is a diagram showing a map defining DOP- 
MINmap, the ISCV opening necessary to provide a 
lower limit intake air amount for the prevention of 
35 misfire, as a function of engine rpm NE; 

Figure 6 is a flowchart illustrating a processing 
sequence for a deceleration fuel cut execution con- 
trol routine (second embodiment) executed by 
CPU; 

40 Figure 7 is a flowchart illustrating a processing 
sequence for a deceleration fuel cut execution con- 
trol routine (third embodiment) executed by CPU; 
and 

Figure 8 is a flowchart illustrating a processing 
45 sequence for a deceleration fuel cut execution con- 
trol routine (fourth embodiment) executed by CPU. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

50 

The preferred embodiments of the present inven- 
tion will be described below with reference to the 
accompanying drawings. 

Figure 1 is a schematic diagram showing the gen- 
55 eral construction of an electronically controlled internal 
combustion engine equipped with a fuel cut control 
apparatus according to one embodiment of the present 
invention. The engine 1 is an in-line four-cylinder, four- 
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stroke/cycle, reciprocating internal combustion gasoline 
engine mounted in a vehicle. The engine 1 comprises a 
cylinder block 2 and a cylinder head 3. In the cylinder 
block 2 are bored a plurality of vertically extending cylin- 
ders 4 that are ranged side by side in the direction per- 
pendicular to the plane of the figure. A piston 5 is 
mounted movably in reciprocating fashion inside each 
cylinder 4. Each piston 5 is connected to a common 
crankshaft 7 by means of a connecting rod 6. The recip- 
rocating motion of the piston 5 is converted to the rota- 
tional motion of the crankshaft 7 by means of the 
connecting rod 6. 

Between the cylinder block 2 and cylinder head 3 
are formed combustion chambers 8 one each located 
above each piston 5. The cylinder head 3 contains an 
intake port 9 and exhaust port 10 for each combustion 
chamber 8 which communicates with both exterior sides 
of the cylinder head 3 through these ports 9 and 10. To 
open and close these ports 9 and 1 0, an intake valve 1 1 
and an exhaust valve 12 are supported in the cylinder 
head 3 in such a manner as to be movable in a recipro- 
cating fashion in substantially vertical directions. In the 
cylinder head 3, an intake camshaft 13 and an exhaust 
camshaft 14 are rotatably mounted above the respec- 
tive valves 1 1 and 12. The camshafts 13 and 14 are fit- 
ted with cams 15 and 16 for driving the intake valve 1 1 
and exhaust valve 12, respectively. Timing pulleys 17 
and 18 provided at respective ends of the camshafts 13 
and 14 are connected by means of a timing belt 20 to a 
timing pulley 19 provided at one end of the crankshaft 7. 

More specifically, as the crankshaft 7 rotates caus- 
ing the timing pulley 1 9 to rotate, the rotational motion is 
transmitted to the timing pulleys 17 and 18 by means of 
the timing belt 20. At this time, the timing pulleys 1 7 and 
18 are caused to rotate at the rotational speed one half 
that of the timing pulley 19. When the intake camshaft 
13 rotates with the rotation of the timing pulley 17, the 
intake valve 1 1 moves in reciprocating fashion by the 
action of the cam 15, to open and close the intake port 
9. Likewise, when the exhaust camshaft 14 rotates with 
the rotation of the timing pulley 1 8, the exhaust valve 1 2 
moves in reciprocating fashion by the action of the cam 
16, to open and close the exhaust port 10. In this way, 
the camshafts 13 and 14 are driven for rotation by the 
rotation of the crankshaft 7, to open and close the intake 
valve 1 1 and exhaust valve 1 2 in a constant cycle of 720 
degrees of crankshaft rotation. 

An intake passage 30 provided with an air cleaner 
31, throttle valve 32, surge tank 33, intake manifold 34, 
etc., is connected to the intake port 9. Air (fresh air) out- 
side the engine 1 passes through the parts 31, 32, 33, 
and 34 of the intake passage 30 in the order named and 
is drawn toward the combustion chamber 8. The throttle 
valve 32 is rotatably mounted on a shaft 32a in the 
intake passage 30. The shaft 32a is connected via a 
wire or the like to an accelerator pedal (not shown) in 
the driver compartment, and is rotated in integral fash- 
ion with the throttle valve 32 when the driver depresses 



the accelerator pedal. At this time, the amount of air 
flowing through the intake passage 30 (the intake air 
amount) is determined according to the angular position 
of the throttle valve 32. The surge tank 33 is provided to 

5 smooth out intake air pulsation (pressure vibration). An 
idle speed control valve (ISCV) 36 for adjusting air flow 
rate during idle is installed in an idle adjust passage 35 
that bypasses the throttle valve 32. 

An injector 40 for injecting fuel into the intake port 9 

10 is mounted in the intake manifold 34. Fuel stored in a 
fuel tank 41 is drawn by a fuel pump 42 and supplied to 
the injector 40 through a fuel pipe 43. The fuel injected 
from the injector 40 and the air flowing through the 
intake passage 30 are mixed together, and the air/fuel 

15 mixture is drawn through the intake valve 1 1 into the 
combustion chamber 8 during the intake stroke and is 
compressed by the piston 5 during the compression 
stroke. 

A spark plug 50 is mounted in the cylinder head 3 to 
20 ignite the mixture. To accomplish the ignition, an ignition 
signal is applied to an igniter 51 , which controls the 
switching of the primary current supplied to an ignition 
coil 52, and the induced secondary current is supplied 
to the spark plug 50 by an ignition distributor 53. The 
25 ignition distributor 53 is a device for distributing the sec- 
ondary current to the spark plug 50 on each cylinder in 
synchronism with the rotation of the crankshaft 7. The 
mixture drawn into the combustion chamber 8 is burned 
by being ignited by the spark plug 50 (expansion 
30 stroke). The resulting high-temperature, high-pressure 
burning gases force the piston 5 downward, causing the 
crankshaft 7 to rotate, and the engine 1 thus produces 
power. 

The burned mixture as exhaust gas is introduced 

35 through the exhaust valve 12 into the exhaust port 10 
during the exhaust stroke. An exhaust passage 60 pro- 
vided with an exhaust manifold 61, catalytic converter 
62, etc. is connected to the exhaust port 10. The cata- 
lytic converter 62 contains a three-way catalyst which 

40 simultaneously promotes the oxidation of unburned 
hydrocarbons (HC) and carbon monoxide (CO) and the 
reduction of nitrogen oxides (NOJ formed by unburned 
oxygen reacting with nitrogen in the air. The exhaust 
gas thus purified in the catalytic converter 62 is dis- 

45 charged into the atmosphere. 

As shown in Figure 1, the engine 1 is equipped with 
various kinds of sensors. A coolant temperature sensor 
74 for detecting coolant temperature (THW) of the 
engine 1 is mounted in the cylinder block 2. An air flow 

so meter 70 for d etecti ng the amount of intake ai r (flow rate 
QA) is mounted in the intake passage 30. In the intake 
passage 30, an intake air temperature sensor 73 for 
detecting intake air temperature (THA) is mounted near 
the air cleaner 31. Near the throttle valve 32 in the 

55 intake passage 30 is mounted a throttle angle sensor 72 
for detecting the angular position of the shaft 32a (throt- 
tle angle TA). There is also provided an idle switch 82 
which, when the throttle valve 32 reaches its fully closed 
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position, is turned on and sets its output, a throttle full- 
close signal, active. An intake air pressure sensor 71 for 
detecting the internal pressure (intake air pressure PM) 
of the surge tank 33 is mounted in the surge tank 33. An 
0 2 sensor 75 for detecting residual oxygen concentra- 5 
tion in the exhaust gas is mounted partway through the 
exhaust passage 60. 

The distributor 53 contains two rotors which rotate 
in synchronism with the rotation of the crankshaft 7. The 
distributor 53 is provided with a crankshaft reference 
position sensor 80 which, based on the rotation of one 
rotor, generates a reference position detection pulse for 
every 720° CA rotation measured in degrees of crank- 
shaft angle (CA) to detect the reference position of the 
crankshaft 7, and a crankshaft angle sensor 81 which, 
based on the rotation of the other rotor, generates a 
position detection pulse for every 30° CA to detect the 
rotational speed of the crankshaft 7 (engine rpm NE). 
The vehicle is also mounted with a vehicle speed sensor 
83 which produces output pulses representing the 
actual vehicle speed. 

The engine electronic control unit (engine ECU) 90 
shown in Figure 1 is a microcomputer system that per- 
forms fuel injection control, ignition timing control, idle 
speed control, etc. The hardware configuration is shown 
in the block diagram of Figure 2. Signals from the vari- 
ous sensors and switches are input via an A/D conver- 
sion circuit (ADC) 95 or via an input interface circuit 96 
to a central processing unit (CPU) 91 which, in accord- 
ance with programs and various maps stored in a read- 
only memory (ROM) 93, performs arithmetic operations 
using the input signals, and based on the results of the 
operations, outputs control signals for the various actu- 
ators via respective drive control circuits 97a - 97d. A 
random-access memory (RAM) 94 is used to temporar- 
ily store data during the arithmetic operation and control 
processes. A backup RAM 99 is supplied with power 
from a battery (not shown) directly connected to it, and 
is used to store data (such as various learning values) 
that should be retained when the ignition switch is off. 
These constituent elements of the ECU are intercon- 
nected by a system bus 92 consisting of an address 
bus, a data bus, and a control bus. 

Ignition timing control is performed by sending an 
ignition signal to the igniter 51 via the drive control cir- 
cuit 97b after determining optimum ignition timing by 
comprehensively judging the engine condition based on 
the engine rpm obtained from the crankshaft angle sen- 
sor 81 and on signals from other sensors. 

In idle speed control, an idle state is detected based 
on the throttle full-close signal from the idle switch 82 
and the vehicle speed signal from the vehicle speed 
sensor 83, and the actual engine rpm is compared with 
the target rpm determined by such factors as the engine 
coolant temperature from the coolant temperature sen- 
sor 74; then, based on the resulting error, the control 
amount necessary to achieve the target rpm is deter- 
mined, and the amount of air is adjusted by controlling 



the ISCV 36 via the drive control circuit 97c, thereby 
maintaining optimum idle speed. 

In this idle speed control, learning control is per- 
formed, in addition to the above feedback control, to 
make it easier to maintain the idle speed at a constant 
value. More specifically, since the ISCV opening neces- 
sary to maintain the idle speed constant varies due to 
variations among individual parts and also changes 
over time, an ISCV opening learning value DG for 
absorbing such variations and changes is obtained and 
updated through learning during the process of feed- 
back control. 

Basically, the fuel injection control involves comput- 
ing the fuel injection amount, that is, the injection time of 
the injector 40, that achieves the desired target air/fuel 
ratio on the basis of the intake air amount per engine 
revolution, and controlling the injector 40 via the drive 
control circuit 97a so that fuel is injected at the time 
instant that the prescribed crankshaft angle is reached. 
Here, the intake air amount per engine revolution is 
either computed from the intake air flow rate measured 
by the air flow meter 70 and the engine rpm obtained 
from the crankshaft angle sensor 81 , or estimated from 
the engine rpm and the intake manifold pressure 
obtained from the intake air pressure sensor 71 . In the 
above fuel injection amount computation, corrections 
are applied, such as basic corrections based on signals 
from the throttle angle sensor 72, intake air temperature 
sensor 73, coolant temperature sensor 74, etc., an 
air/fuel ratio feedback correction based on a signal from 
the 0 2 sensor 75, and an air/fuel ratio learning correc- 
tion, to bring the median of the feedback correction 
value to stoichiometry. 

The fuel injection control also includes fuel cut con- 
trol during deceleration. As previously described, when 
fuel cut is performed while a catalyst temperature (cata- 
lyst bed temperature) is high, a lean exhaust gas result- 
ing from the fuel cut flows into the catalyst; it is known 
that the catalyst deteriorates in such a high-tempera- 
ture, lean atmosphere. Here, we consider the case 
where fuel cut is prohibited in order to prevent such cat- 
alyst deterioration. In a driving condition where fuel cut 
is performed, the amount of intake air is set to a rela- 
tively large value in order to reduce the oil consumption 
due to intake manifold vacuum, but the combustion limit 
is not considered here. As a result, when the fuel cut is 
prohibited, there occurs a possibility that fuel may be 
injected with the intake air amount per stroke dropping 
below the combustion limit; if this happens, misfire 
occurs. The present invention aims at avoiding the 
occurrence of such misfire by securing an intake air 
amount just sufficient to prevent the occurrence of mis- 
fire when fuel cut during deceleration is prohibited in 
order to prevent catalyst deterioration due to exposure 
to a high-temperature, lean atmosphere. Specific 
processing for accomplishing this will be described in 
detail below. 

Figure 3 is a flowchart illustrating a processing 
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sequence for a catalyst bed temperature estimation rou- 
tine which is executed by the CPU 91 to estimate the 
catalyst bed temperature. This routine is executed at 
predetermined intervals of time. The catalyst bed tem- 
perature can be estimated from the intake air flow rate 5 
QA. However, the catalyst bed temperature changes 
slowly with changes in the intake air flow rate after a 
prescribed time delay. Accordingly, the catalyst bed 
temperature here is represented by a delayed intake air 
flow rate DQA (delayed QA) in which changes in the w 
intake air flow rate QA are reflected with the prescribed 
time delay. 

First, in step 1 01 , the present intake air flow rate QA 
is detected based on the output of the air flow meter 70. 
Next, in step 102, a decision is made as to whether or 15 
not the present intake air flow rate QA is greater than 
the previously calculated intake airflow rate QAO. If QA 
is greater than QAO, the process proceeds to step 103 
where the delayed intake air flow rate DQA is increased 
by a prescribed amount QAC; otherwise, the process 20 
proceeds to step 104 where the delayed intake air flow 
rate DQA is reduced by a prescribed amount QAD. 
Finally, in step 105, the QA calculated in the present 
cycle is stored as QAO for the next cycle. The delayed 
intake air flow rate DQA thus obtained is one that fol- 25 
lows the intake airflow rate QA at a slow speed, and can 
be used as a quantity that represents the catalyst bed 
temperature. As an alternative method, the catalyst bed 
temperature may be directly detected using a tempera- 
ture sensor mounted on the catalyst. 30 

Figure 4 is a flowchart illustrating a processing 
sequence for a deceleration fuel cut execution control 
routine which is executed by the CPU 91 . This deceler- 
ation fuel cut execution control routine is given the high- 
est priority in the fuel injection control process and is 35 
processed in preference to other control routines. This 
routine determines whether deceleration fuel cut should 
be effected at the next fuel injection timing. The purpose 
of this routine is to prohibit the execution of deceleration 
fuel cut when the catalyst bed temperature is high. This 40 
routine, at the same time, performs control to provide 
the minimum necessary intake air amount for combus- 
tion by using the ISCV 36 and thereby prevent the 
occurrence of misfire regardless of the time when the 
execution of deceleration fuel cut is prohibited. 45 

First, a decision is made as to whether a decelera- 
tion fuel cut condition, i.e., an idle-on F/C condition or a 
downhill F/C condition, is satisfied (step 201). Here the 
idle-on F/C condition refers to the condition in which the 
idle switch 82 is on, that is, the throttle valve 32 is in its so 
fully closed position, and at the same time, the engine 
rpm NE is above a preset value. The downhill F/C con- 
dition is a condition in which misfire is likely to occur with 
the intake air amount or fuel injection quantity tending to 
drop below the combustion limit. If the answer to the 55 
decision in step 201 is NO, that is, if the deceleration 
F/C condition is not satisfied, flag XFC is set to 0 and 
the execution of F/C is disabled (step 204). 



On the other hand, if the answer to the decision in 
step 201 is YES, that is, if the deceleration F/C condition 
is satisfied, then a decision is made as to whether the 
catalyst bed temperature equivalent quantity DQA is 
smaller than a predetermined decision reference value 
DQAref (step 202). The decision reference value 
DQAref corresponds, for example, to a catalyst bed 
temperature of 800°C. When DQA < DQAref, that is, 
when the catalyst temperature is low, there is no prob- 
lem of catalyst deterioration due to exposure to a high- 
temperature, lean atmosphere, so that the flag XFC is 
set to 1 and the execution of F/C is enabled (step 203). 
On the other hand, when DQA ^ DQAref, that is, when 
the catalyst bed temperature is high, the condition can 
cause catalyst deterioration and the execution of F/C 
must be prohibited; therefore, the flag XFC is set to 0 
and the execution of F/C is disabled (step 204). The 
state of the flag XFC that is set or unset in step 203 or 
204 is examined in the fuel injection control separately 
performed, and when XFC = 1 , fuel injection is stopped. 

In step 205 that follows step 203 or 204, by referring 
to a map such as shown in Figure 5, DOPMINmap, the 
opening of the ISCV 36 necessary to provide an intake 
air amount dose to the combustion limit and yet suffi- 
cient to prevent misfire, is obtained based on the 
present engine rpm NE. Since the amount of air per 
engine stroke at the combustion limit is constant, the 
intake air flow rate representing the amount per unit 
time must be increased with increasing engine rpm NE, 
and therefore, the ISCV opening DOPMINmap must be 
increased. The above map is prestored in the ROM 93. 

Next, in step 206, a decision is made as to whether 
or not the engine rpm NE is greater than a predeter- 
mined decision reference value NEref. The decision ref- 
erence value NEref is, for example. 1000 rpm. If NE <, 
NEref, the routine is terminated. On the other hand, if 
NE > NEref, the following calculation is performed (step 
207) to calculate a lower limit guard value DOPMIN for 
the ISCV opening, based on the DOPMINmap and the 
previously mentioned ISCV opening learning value DG 
obtained through learning in the idle speed control to 
absorb variations among individual parts and changes 
over time. 

DOPMIN <r- DOPMINmap + DG 

Then, in a process performed separately, the ISCV 36 is 
controlled so that the ISCV opening DOP does not drop 
below DOPMIN. 

Since the minimum necessary intake air amount is 
secured for combustion at all times by using the ISCV 
36, as described above, misfire does not occur even if 
fuel injection is effected by prohibiting F/C in order to 
prevent catalyst deterioration in step 202. 

In the present embodiment, the idle speed control 
valve (ISCV) is used as the intake air amount adjusting 
means, but in the case of an engine equipped with an 
electronic throttle that performs the opening and closing 
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of the throttle valve by means of an actuator, or with an 
air valve that opens for increased idle speed when the 
air conditioner or the like turns on, the same control can 
be accomplished by using such means. 

As previously described, when deceleration fuel cut 
is prohibited according to the catalyst temperature and 
fuel injection is allowed to continue, there arises the 
problem of an unnatural vehicle deceleration feeling. 
The present invention addresses this problem by not 
allowing the prohibition of fuel cut associated with the 
prevention of catalyst deterioration when the vehicle is 
in a driving condition that impairs the deceleration feel- 
ing and give the driver an unnatural feeling, that is, in a 
driving condition under which the decelerating force of 
the engine (engine braking) makes an appreciable con- 
tribution to vehicle deceleration. For example, when the 
vehicle speed is relatively slow, aerodynamic drag due 
to wind is small and, in such a driving condition, the 
decelerating force of the engine (engine braking) is 
expected to make an appreciable contribution vehicle 
deceleration. In a second embodiment of the present 
invention, not only the occurrence of misfire is pre- 
vented, as in the first embodiment, but also the impair- 
ment of the deceleration feeling is prevented by not 
allowing the prohibition of fuel cut associated with the 
prevention of catalyst deterioration when the vehicle 
speed is below a predetermined value. Specific 
processing for accomplishing this will be described in 
detail below. 

Figure 6 is a flowchart illustrating a processing 
sequence for a deceleration fuel cut execution control 
routine (second embodiment) which is executed by the 
CPU 91 . In this routine, a process in which the impair- 
ment of the deceleration feeling is prevented by aborting 
the prohibition of fuel cut when the vehicle speed is 
below a predetermined value, is added to the process of 
the first embodiment. 

First, a decision is made as to whether a decelera- 
tion fuel cut condition, i.e., an idle-on F/C condition or a 
downhill F/C condition, is satisfied (step 301). Here the 
idle-on F/C condition refers to the condition in which the 
idle switch 82 is on, that is, the throttle valve 32 is in its 
fully closed position, and at the same time, the engine 
rpm NE is above a preset value. The downhill F/C con- 
dition is a condition in which misfire is likely to occur with 
the intake air amount or fuel injection quantity tending to 
drop below the combustion limit. If the answer to the 
decision in step 301 is NO, that is, if the deceleration 
F/C condition is not satisfied, flag XFC is set to 0 and 
the execution of F/C is disabled (step 305). 

On the other hand, if the answer to the decision in 
step 301 is YES, that is, if the deceleration F/C condition 
is satisfied, then a decision is made as to whether the 
catalyst bed temperature equivalent quantity DQA is 
smaller than a predetermined decision reference value 
DQAref (step 302). The decision reference value 
DQAref corresponds, for example, to a catalyst bed 
temperature of 800°C. When DQA < DQAref, that is, 



when the catalyst temperature is low, there is no prob- 
lem of catalyst deterioration due to exposure to a high- 
temperature, lean atmosphere, so that the flag XFC is 
set to 1 and the execution of F/C is enabled (step 304). 

5 However, when DQA ^ DQAref, that is, when the 

catalyst bed temperature is high, the condition can 
cause catalyst deterioration, and according to the prior 
art, this condition dictates that the execution of F/C be 
prohibited. In the present embodiment, however, adeci- 

10 sion is first made as to whether or not the vehicle speed 
SPD detected by the vehicle speed sensor 83 is greater 
than a predetermined decision reference value SPDref 
(step 303). When SPD > SPDref, that is, when the vehi- 
cle speed is high, a natural deceleration feeling can be 

15 obtained because of a large aerodynamic drag; there- 
fore, the flag XFC is set to 0 and the execution of F/C is 
disabled to prohibit F/C from the viewpoint of catalyst 
deterioration prevention (step 305). However, when 
SPD <> SPDref, that is, when the vehicle speed is slow, 

20 deceleration due to aerodynamic drag cannot be 
obtained, so that the flag XFC is set to 1 and the execu- 
tion of F/C is enabled so that the prohibition of F/C to be 
effected for the prevention of catalyst deterioration is 
aborted in order to secure the deceleration feeling (step 

25 304). The state of the flag XFC that is set or unset in 
step 304 or 305 is examined in the fuel injection control 
separately performed, and when XFC = 1 , fuel injection 
is stopped. 

In step 306 that follows step 304 or 305, by referring 

30 to the map such as shown in Figure 5, DOPMINmap, 
the opening of the ISCV 36 necessary to provide an 
intake air amount close to the combustion limit and yet 
sufficient to prevent misfire, is obtained based on the 
present engine rpm NE. 

35 Next, in step 307, a decision is made as to whether 
or not the engine rpm NE is greater than a predeter- 
mined decision reference value NEref. The decision ref- 
erence value NEref is, for example, 1000 rpm. If NE < 
NEref, the routine is terminated. On the other hand, if 

40 NE > NEref, the following calculation is performed (step 
308) to calculate a lower limit guard value DOPMIN for 
the ISCV opening, based on the DOPMINmap and the 
previously mentioned ISCV opening learning value DG 
obtained through learning in the idle speed control to 

45 absorb variations among individual parts and changes 
over time. 

DOPMIN <- DOPMINmap + DG 

so Then, in a process performed separately, the ISCV 36 is 
controlled so that the ISCV opening DOP does not drop 
below DOPMIN. 

Next, a third embodiment of the present invention 
will be described. When a low gear is selected in the 

55 transmission connected to the engine, this condition 
also can be said to be the condition under which the 
decelerating force of the engine (engine braking) makes 
an appreciable contribution to vehicle deceleration. In 



7 



13 



EP0 866 219 A2 



14 



the third embodiment, when a gear position lower than 
a prescribed transmission gear (third gear in this exam- 
ple) is selected in the transmission connected to the 
engine, the prohibition of fuel cut to be effected for the 
prevention of catalyst deterioration is aborted in order to 
prevent the impairment of the deceleration feeling. 

Figure 7 is a flowchart illustrating a processing 
sequence for a deceleration fuel cut execution control 
routine according to the third embodiment. Steps 401 , 

402, and 404 to 408 in this routine are the same as 
steps 301, 302, and 304 to 308 in the second embodi- 
ment, the only difference between the second and third 
embodiments being in the processing in steps 303 and 

403. More specifically, in step 403 a decision is made as 
to whether the transmission gear position is, for exam- 
ple, in third or higher gear. If the gear position is in third 
or higher gear, it is decided that an unnatural decelera- 
tion feeling will not occur, and the F/C prohibition control 
is performed for the prevention of catalyst deterioration 
(step 405). On the other hand, if the gear position is 
lower than third gear, the F/C prohibition control to be 
effected for the prevention of catalyst deterioration is 
aborted in order to secure the deceleration feeling (step 
404). In this embodiment, the third gear has been cho- 
sen as the reference gear position, but the reference 
gear position is not restricted to the third gear. Further- 
more, in a vehicle equipped with a continuously variable 
transmission, for example, step 403 may be modified to 
determine whether the present gear ratio of the trans- 
mission is higher than a gear ratio that affects the decel- 
eration feeling. 

Next, a fourth embodiment of the present invention 
will be described. When the transmission connected to 
the engine is in the neutral position, it can be said that 
the driving condition is such that the driver is expecting 
the engine speed to drop soon. In the fourth embodi- 
ment, when the transmission connected to the engine is 
in the neutral position, the prohibition of fuel cut to be 
effected for the prevention of catalyst deterioration is 
aborted in order to prevent the driver from being sub- 
jected to an unnatural feeling. 

Figure 8 is a flowchart illustrating a deceleration 
fuel cut execution control routine according to the fourth 
embodiment. Steps 501, 502, and 504 to 508 are the 
same as steps 301, 302, and 304 to 308 in the second 
embodiment, the only difference between the second 
and fourth embodiments being in the processing in 
steps 303 and 503. More specifically, in step 503 a deci- 
sion is made as to whether the transmission shift posi- 
tion is in neutral or not. If the shift position is not in 
neutral, the F/C prohibition control is performed for the 
prevention of catalyst deterioration (step 505) '. However, 
if the shift position is in neutral, the F/C prohibition con- 
trol to be effected for the prevention of catalyst deterio- 
ration is aborted in order to prevent the generation of an 
unnatural feeling (step 504). 

As described above, according to the present 
invention, when prohibiting deceleration fuel cut to pre- 



vent catalyst deterioration due to exposure to a high- 
temperature, lean atmosphere, the provision of means 
for adjusting the intake air amount so as to secure a 
minimum required intake air amount for combustion 

5 serves to eliminate the possibility of misfire. Further- 
more, if provisions are made to supply a minimum 
required intake air amount for combustion at all times 
regardless of whether the fuel cut is executed or prohib- 
ited, misfire due to a drop in intake air amount cannot 

w occur. This serves not only to reduce exhaust emissions 
but also to eliminate deceleration shocks and improve 
drivability. 

Also, according to the present invention, in a driving 
condition that impairs the deceleration feeling and gives 

15 the driver an unnatural feeling, that is, in a driving condi- 
tion under which the decelerating force of the engine 
makes an appreciable contribution to vehicle decelera- 
tion, the prohibition of fuel cut to be effected for the pre- 
vention of catalyst deterioration in a high-temperature, 

20 lean atmosphere is aborted and fuel cut is executed; as 
a result, the decelerating force of the engine increases 
and the impairment of the vehicle deceleration feeling is 
prevented. 

The invention may be embodied in other specific 
25 forms without departing from the spirit or essential char- 
acteristics thereof. The present embodiment is therefore 
to be considered in all respects as illustrative and not 
restrictive, the scope of the invention being indicated by 
the appended claims rather than by the foregoing 
30 description and all changes which come within the 
meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 

Claims 

35 

1 . A fuel cut control apparatus for an internal combus- 
tion engine, comprising fuel cut executing means 
for executing fuel cut during deceleration of said 
internal combustion engine and fuel cut prohibiting 

40 means for prohibiting the execution of fuel cut by 
said fuel cut executing means when the tempera- 
ture of a catalyst installed in an exhaust system of 
said internal combustion engine is high, said control 
apparatus characterized by the provision of intake 

45 air amount adjusting means for adjusting, when the 
fuel cut is prohibited by said fuel cut prohibiting 
means, the amount of intake air to said internal 
combustion engine in accordance with the rota- 
tional speed of said internal combustion engine so 

so that the amount of intake air is brought close to a 
limit where misfire does not occur. 

2. A fuel cut control apparatus for an internal combus- 
tion engine, comprising fuel cut executing means 

55 for executing fuel cut during deceleration of said 
internal combustion engine and fuel cut prohibiting 
means for prohibiting the execution of fuel cut by 
said fuel cut executing means when the tempera- 



8 



15 



EP0 866 219 A2 



16 



ture of a catalyst installed in an exhaust system of 
said internal combustion engine is high, said control 
apparatus characterized by the provision of judging 
means for judging whether or not a vehicle is in a 
driving condition under which the decelerating force s 
of said internal combustion engine makes an 
appreciable contribution to vehicle deceleration and 
aborting means for aborting the prohibition of fuel 
cut by said fuel cut prohibiting means when it is 
judged by said judging means that said vehicle is in w 
said driving condition. 



engine according to claim 1 , wherein said intake air 
amount adjusting means is implemented by an air 
valve provided for the engine. 



3. A fuel cut control apparatus for an internal combus- 
tion engine according to claim 2, wherein said judg- 
ing means judges that said vehicle is in said driving 15 
condition when vehicle speed is below a predeter- 
mined value. 

4. A fuel cut control apparatus for an internal combus- 
tion engine according to claim 2, wherein said judg- 20 
ing means judges that said vehicle is in said driving 
condition when a gear lower than a prescribed gear 

is selected in a transmission connected to said 
internal combustion engine. 

25 

5. A fuel cut control apparatus for an internal combus- 
tion engine, comprising fuel cut executing means 
for executing fuel cut during deceleration of said 
internal combustion engine and fuel cut prohibiting 
means for prohibiting the execution of fuel cut by 30 
said fuel cut executing means when the tempera- 
ture of a catalyst installed in an exhaust system of 
said internal combustion engine is high, said control 
apparatus characterized by the provision of judging 
means for judging whether or not a transmission 35 
connected to said internal combustion engine is in a 
neutral state and aborting means for aborting the 
prohibition of fuel cut by said fuel cut prohibiting 
means when it is judged by said judging means that 
said transmission is in the neutral state. 40 

6. A fuel cut control apparatus for internal combustion 
engine according to claim 1 , wherein said intake air 
amount adjusting means is implemented by an idle 
speed control apparatus which consists of a bypass 45 
passage for bypassing a throttle valve provided for 

an intake passage of the engine and a bypass valve 
for controlling the opening and closing of the 
bypass passage. 

50 

7. A fuel cut control apparatus for internal combustion 
engine according to claim 1 , wherein said intake air 
amount adjusting means is implemented by an 
electronic throttle which performs, by means of 
actuator, the opening and closing of a throttle valve 55 
provided for an intake passage of the engine. 

8. A fuel cut control apparatus for internal combustion 
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internal combustion engine wherein provisions are 
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intake air amount and also prevent impairment of the 
vehicle deceleration feeling when control is performed 
to prohibit fuel cut during deceleration in order to pre- 
vent catalyst deterioration in a high-temperature, lean 
atmosphere. When allowing fuel injection by prohibiting 
deceleration fuel cut in order to prevent catalyst deterio- 
ration, a minimum intake air amount necessary for com- 
bustion is secured by controlling, for example, an idle 
speed control valve (36), to ensure the prevention of the 
occurrence of misfire. Further, in a driving condition that 
tends to impair the deceleration feeling and give the 
driver an unnatural feel, that is, in a driving condition 
under which the decelerating force of the internal com- 
bustion engine (engine braking) makes an appreciable 
contribution to vehicle deceleration, the fuel cut prohibi- 
tion for the prevention of catalyst deterioration is not 
executed. For example, when the vehicle speed is slow, 
aerodynamic drag due to wind is small and the driving 
condition is such that the engine braking makes an 
appreciable contribution to vehicle deceleration; there- 
fore, when the vehicle speed is below a predetermined 
value, the fuel cut prohibition for the prevention of cata- 
lyst deterioration is aborted, and fuel cut is executed 
(303, 304) to prevent the impairment of the deceleration 
feeling. 
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requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. Claims: 1, 6-8 

A fuel cut prohibiting apparatus characterized by an intake 
air amount adjusting means for adjusting the amount of 
intake air, when the fuel cut is prohibited, to prevent 
misfire. 



2. Claims: 2-5 

A fuel cut prohibiting apparatus characterized by a judging 
means for judging whether or not a vehicle is in a driving 
condition under which the deceleration force of the engine 
contributes to the deceleration of the vehicle or the 
transmission is in a neutral state, and aborting means for 
aborting the prohibition of fuel cut when the vehicle is in 
said driving condition. 



4 



EP 0 866 219 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 10 4626 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

14-06-2000 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



DE 19630944 


A 


06-02-1997 


JP 
US 


9042020 A 
5784880 A 


10-02-1997 
28-07-1998 


US 5570575 


A 


05-11-1996 


JP 

jp: 

JP 


7103031 A 
2940378 B 
7197834 A 


18-04-1995 
25-08-1999 
01-08-1995 


US 4084558 


A 


18-04-1978 


JP 
JP 
JP 


1249258 C 
51099735 A 
59024264 B 


25-01-1985 
02-09-1976 
08-06-1984 


US 4674458 


A 


23-06-1987 


JP 


60209645 A 


22-10-1985 


JP 01142234 


A 


05-06-1989 


NONE 






JP 61034327 


A 


18-02-1986 


NONE 







2i For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



5 



